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(wherein all symbols are as d fined in the appen- 
«ded claims) and a degree of polymerization of not 
DL ,ess than 5. These styrene polymers are much 
Ul superior in heat resistance to conventional atactic 
styrene polymers because of their syndiotactic 
structur and also are excellent in chemical resis- 



tance. Thus they are useful in production of mol- 
ded articles which are needed to have such high 
heat resistance and chemical resistance. 
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STYRENE POLYMERS 



BACKGROUND OF THE INVENTION 

The present invention relates to styrene poly- 
mers having a new stereoregular structure and 
more particularly to styrene polymers in which the 
stereoregular structure of side chains relative to the 
polymer main chain is mainly syndiotactic. 

As is well known, styrene polymers such as 
polystyrene and polyparamethylstyrene are gen- 
erally produced by techniques such as radical 
polymerization, anionic polymerization, cationic 
polymerization and polymerization using a Segler- 
type catalyst. These styrene polymers are divided 
into three groups, isotactic, syndiotactic and atactic 
polymers, depending on the steric configuration of 
side chains thereof. It has heretofore been known 
that usual radical, anionic and cationic polymeriza- 
tion methods provide styrene polymers having 
mainly an atactic structure, and that the polymer- 
ization methods using a Ziegler-type catalyst pro- 
vide styrene polymers having mainly an isotactic 
structure. 



(wherein R represents a hydrogen' atom, a halogen 
atom or a substituent containing a carbon atom, an 
oxygen atom, a nitrogen atom, a sutfur atom, a 
phosphorus atom or a silicon atom, and n repre- 
sents an integer of 1 to 3), having a degree of 
polymerization of not less than 5, and having a 
stereoregular structure which is mainly syndiotac- 
tic. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows "C-NMR spectra (aromatic ring 
Ci carbon signals) of styrene polymers produced in 
examples: (a) indicates polystyrene produced in 
Example 1, (b) indicates, atactic poh/styren pro- 
duced in Comparative Example 1, (c) indicates 
isotactic polystyrene produced in Comparative Ex- 
ample 2, (d) indicates poly(p-methylstyrene) pro- 
duced in Example 23. (e) indicates poiy(m-methy»- 



A number of methods of preparing styrene 
polymers and their structures have been reported. 
However, preparation of styrene polymers of high 
syndiotactic. structure (excluding such model, sub- 
5 stances as timers to pentamers prepared by or- 
ganic chemical preparation techniques) has not yet 
been reported. 



70 SUMMARY OF THE INVENTION 

The present invention is intended to provide 
styrene polymers having a syndiotactic structure. 
As a result of extensive investigations, it has been 
is found that polymerization of styrene monomers in 
the presence of a catalyst comprising specific tran- 
sition metal compounds and organometallic com- 
pounds results in styrene polymers of high syn- 
diotactic structure. 
so The present invention relates to a styrene poly- 
mer having a repeating unit represented by the 
general formula (I): 



(I) 



styrene) produced In Example 24. (f) indicates 
rx)ry(p-tert-butyl8tyrene) produced in Example 25, - 
(g) Indicates poly(p-chlorostyrene) produced in Ex- 
ample 26, (h) indicates atactic poly(p- 
chlorostyrene) produced commercially, (I) indicates 
40 r^iy(rn-chlorostyrene) produced in Example 27, 
and 0) indicates poly(p-fulorostyrene) produced in 
Example 28; 

Fig. 2 shows "C-NMR spectra (methine 
methylene carbon signals) of styrene polymers 
46 produced In examples: (a) indicates polystyrene 
produced in Example 1, (b) indicates atactic poly- 
styrene produced in Comparative Example 1, (c) 
indicates isotactic polystyrene produced in Com- 
parative Example 2, and (d) indicates poly(p- 
50 methylstyrene) produced in Example 23; 

Fig. 3 shows 'H-NMR spectra of styrene 
polymers produced in examples: (a) indicates poly- 
styrene produced in Example 1, (b) indicates 
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isotactic polystyrene produced in Comparative Ex- 
ample 2, and (c) indicates poly(p-methylstyrene) 
produced in Example 23; 

Fig. 4 shows X-ray diffraction patterns of 
styrene polymers produced in examples: (a) in- 
dicates polystyrene produced in Example 1, (b) 
indicates isotactic polystyrene produced in Com- 
parative Example 2 and (c) indicates poly(p-methyl- 
styrene) produced in Example 23; and 

Fig. 5 shows infrared absorption spectra of 
styrene polymers produced in examples: (a) in- 
dicates polystyrene produced in Example 1, (b) 
indicates atactic polystyrene produced in Compara- 
tive Example 1, (c) indicates isotactic polystyrene 
produced in Comparative Example 2, and (d) in- 
dicates poly(p-methylstyrene) produced in Example 
23. 

In Fig. 4, the symbol Q indicates a Bragg angle 

(•). 



DETAILED DESCRIPTION OF THE INVENTION 

The styrene polymers of the present invention 
have a structure unit (repeating unit) represented 
by the above general formula (l) and include, as 
well as polystyrene, various nucleus-substituted 
polystyrenes such as po!y(aikylstyrene) and poly- 
(halogenated styrene). 

The general formula (I) will hereinafter be de- 
scribed in detail. 

R represents a hydrogen atom, a halogen atom 
such as chlorine, bromine and iodine, or a substltu- 
ent containing a carbon atom, an oxygen atom, a 
nitrogen atom, a sulfur atom, a phosphorus atom, 
or a silicon atom. 

Representative examples of the carbon atom- 
containing substituent are an alkyl group having 1 
to 20 carbon atoms (e.g., a methyl group, an ethyl 
group, an isopropyl group and a tert-butyl group), 
and a halogen-substituted alkyl group (e.g. f a 
chloromethyl group, a bromomethyl group and a 
chloroethyl group). Representative examples of the 
carbon atom and oxygen atom-containing substitu- 
ent are an alkoxyl group having 1 to 10 carbon 
atoms (e.g. t a methoxy group, an ethoxy group and 
an isopropoxy group), and a carboxyester having 1 
to 10 carbon atoms (e.g., a carboxymethylester 
group and a carboxyethylester group). Representa- 
tive examples of the carbon atom and silicon atom- 
containing substituent are an alkylsilyl group (e.g., 
a trimethyJsilyl group). Representative examples of 
the carbon atom and nitrogen atom-containing sub- 
stituent are an alkylamino group having 1 to 20 
carbon atoms (e.g., a dimethylamino group), and a 
cyano group. Representative examples of the sulfur 
atom-containing substituent are a sulfonyl group, a 
sulfonic acid alkyl ester group, an aikylthio group 



and a mercapto group. Representative examples of 
the phosphorus atom-containing substitu nt are a 
phosphoric acid ester group, a phosphorous acid 
ester group and an alkylphosphinyl group. 
5 Representative examples of the styrene poly- 

mers of the present invention are polystyrene; 
poly(alkylstyrene) such as poly(p-methylstyrene), 
poly(m-methylstyrene), poly(o-methylstyrene), 
po!y(2.4-dimethylstyrene). poIy(2.5-dimethyl- 
10 styrene), poly(3,4-dimethylstyrene). poly(3,5- 
dimethylstyrene) and poly(p-tert-butylstyrene); 
poly(halogenated styrene) such as poly(p- 
chlorostyrene), poly(m-chlorostyrene), poiy(o- 
chlorostyrene), poly(p-bromostyrene), poly(m- 

15 bromo-styrene), poly(o-bromostyrene), poiy(p- 
fluorostyrene), poiy(m-fluorostyrene), poiy(o- 
fluorostyrene) and poly(o-methyl-p-fluorostyrene); 
poly(halogen-substituted alkylstyrene) such as 
poly(p-chloromethylstyrene), poly(m-chIoromethyl- 

20 styrene) and poly(o-chloromethylstyrene); poly- 
(alkoxystyrene) such as poly(p-methoxystyrene), 
poly(m-methoxy styrene, poly(o-methoxy styrene) 
poly(p-ethoxystyrene), poly(m-ethoxystyrene) and 
poly(o-ethoxystyrene); poly(carboxyesterstyrene) 

25 such as poly(p-carboxymethylstyrene), poly(m-car- 
boxymethylstyrene) and poiy(o-carboxymethyl- 
styrene); poly(alkyletherstyrene) such as poly(p- 
vinylbenzyipropylether); poly(aikylsilylstyrene) such 
as poly(p-trimethylsilylstyrene); poiy(ethyl vinyiben- 

30 zenesulfonate); and poly- 

(vinylbenzyldimethoxyphosphide). 

The stereoregular structure of the styrene poly- 
mers of the present invention is mainly syndiotac- 
tic; that is, the styrene polymers of the present 

35 invention have such a steric configuration that phe- 
nyl groups or substituted phenyl groups as side 
chains are positioned alternately in the opposite 
sides in relation to the main chain comprising a 
carbon-carbon bond. The tacticity of the styren 

40 polymers is determined by the nuclear magnetic 
resonance (NMR) method. In more detail, the tac- 
ticity of the styrene polymers is determined by 
analysizing the signal of C, carbon of an aromatic 
ring and the signal of methine«methylene carbon in 

46 "NMR (nuclear magnetic resonance spectrum as 
measured using an isometric carbon), or the proton 
signal of 'H-NMR. The tacticity can be determined 
by NMR for each given number of constituting 
units connected continuously, such as a diad in 

so which the number of constituting units is two, a 
triad in which the number of constituting units is 
three, and a pentad in which the number of con- 
stituting units is five. The term "polymer having 
mainly a syndiotactic structure" as used , herein 

55 means that the polymer has such a syndiotactic 
structure that the syndiotacticity expressed in 
terms of the diad is not less than 85%, or the 
syndiotacticity expressed in terms of the pentad is 
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not less than 50%. However, a degree of syn- 
diotacticity which have been able to be obtained 
somewhat varies depending on the presence and 
type of the substituent. Thus, styr ne polymers not 
always satisfying the above-defined value ranges 
fall within the scope of the styrene polymer having 
mainly a syndiotactic structure. In more detail, the 
styrene polymer having mainly a syndiotactic struc- 
ture of the present invention includes the following 
polymers: 

polystyrene in which the syndiotacticity expressed 
in terms of the diad is not less than 75%, or the 
syndiotacticity expressed in terms of the pentad is 
not less than 30%; 

poly(p-methyistyrene) in which the syndiotacticity 
expressed in terms of the diad is not less than 
75%, or the syndiotacticity expressed in terms of 
the pentad is not less than 30%; 

poly(m-methylstyrene) in which the syndiotacticity 
expressed in terms of the diad is not less than 
75%, or the syndiotacticity expressed in terms of 
the pentad is not less than 35%; 

poiy(o-methylstyrene) in which the syndiotacticity 
expressed in terms of the diad is not less than 
85%, or the syndiotacticity expressed in terms of 
the pentad is not less than 30%; 

poly(o-methoxystyrene) in which the syndiotacticity 
expressed in terms of the diad is not less than 
80%, or the syndiotacticity expressed in terms of 
the pentad is not less than 40%, and 

poly(p-methoxy styrene) in which the syndiotacticity 
expressed in terms of the diad is not less than 
75%, or the syndiotacticity expressed in terms of 
the pentad is not less than 30%; 

The styrene polymer having mainly a syn- 
diotactic structure of the present invention is not 
always required to be a single compound. Mixtures 
of the styrene polymers of the present invention 
and styrene polymers having an isotactic or atactic 
structure, and copolymers with the styrene poly- 
mers of the present invention incorporated in the 
chain thereof are included in the scope of the 
present invention as long as their syndiotacticity 
fails within the above-defined range. In addition, the 
styrene polymers of the present invention may be 
mixtures of styrene polymers having different mo- ' 
lecular weights. 

The styrene polymers of the present inv ntion 
have a degree of polymerization of not less than 5, 
preferably not less than 10. 



The styren polymers of the present invention, 
having the desired stereoreguiarity and substituent 
can be produced by polymerizing the correspond- 
ing manomers, or by applying treatment such as 
5 fractionation, blending and organic preparation 
techniques to polymers produced. 

The styrene polymers of the present invention 
can be produced by polymerizing styrene mon- 
omers such as styrene and styrene derivatives, 
w e.g., aikylstyrene and halogenated styrene in the 
presence of a catalyst comprising a titanium com- 
pound, e.g., titanium halide and aikoxytitanium, and 
an organoaiuminum compound, e.g., alkylaluminox- 
ane. Styrene polymers produced by the above 
75 polymerization method have a high syndiotacticity 
which have not yet been obtained, without applica- 
tion of treatment such as fractionation. Application 
of fractionation treatment using a suitable solvent 
provides styrene polymers the syndiotacticity of 

20 which is nearly 100%. The styrene polymers of the 
present invention, having the desired tacticrty can 
be produced by blending the above styrene poly- 
mers having a syndiotacticity of nearly 100% with 
atactic. or isotactic styrene polymers by known 

26 techniques, ft is well known that various sub- 
stituents are introduced into aromatic rings of sty- 
rene polymers by organic chemical techniques 
such as chloromethylation. The styrene polymers 
having various substituents in the aromatic ring 

30 thereof of the present invention can be prepared by 
the above method using the styrene polymers of 
the present invention as a base polymer while 
maintaining the tacticrty thereof. 

The styrene polymers of the present invention 

35 have, as described above, a stereoregular molecu- 
lar structure which conventional styrene polymers 
do not have. Styrene polymers undergoing cry- 
stallization are excellent in heat resistance and also 
in chemical resistance as compared with commen- 
ce ly used atactic polystyrene. Thus these styrene 
polymers can be used as materials for use in 
production of molded articles which are needed to 
have high heat resistance and chemical resistance. 
Styrene polymers in which a functional substituent 

46 is introduced in the benzene ring as a side chain 
can by widely used as functional polymers. 

The present invention is described in greater 
detail with reference to the following examples. In 
these examples, the styrene polymers of the 

so present invention were confirmed to have a syn- 
diotactic structure. 
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EXAMPLE 1 

(1) Preparation of Catalyst Component 

Trimethylaluminum (47,4 milliliters (ml): 492 
millimoles (mmol)) was added to 200 ml of toluene 
as a solvent, and then 35.5 grams (g) (142 mmol) 
of copper sulfate pentahydrate (CuS0 4 «5H 2 0) was 
added thereto. These ingredients were reacted at 
20 °C for 24 hours. When the reaction was com- 
pleted, the toluene solvent was removed by filtra- 
tion to obtain 12.4 g of methylaluminoxane. 

(2) Production of Polystyrene 

A mixture of 100 ml of toluene and 40 mmol - 
(calculated as an aluminum atom) of 
methylaluminoxane was placed in a glass vessel - 
(internal volume: 500 ml) equipped with a stirrer, 
and then 0.05 mmol of cyclopentadienyltitanium 
trichloride was added thereto. Subsequently 180 ml 
of styrene was added at 20°C and polymerized for 
1 hour. Then methanol was poured to terminate the 
polymerization reaction, and a mixture of hydro- 
chloric acid and methanol was added to decom- 
pose the catalyst component. 

The yield of polystyrene was 16.5 g. The poly- 
styrene had a weight average molecular weight of 
280,000 and a number average molecular weight of 
57,000. The polystyrene was extracted with methyl 
ethyl ketone as a solvent for 4 hours by the use of 
a Soxlet extractor. The insoluble solids content was 
97 percent by weight (wt%). This methyl ethyl 
ketone-insoluble polystyrene had a melting point of 
260°C and a specific gravity of 1 .043. 

In connection with the methyl ethyl ketone- 
insoluble polystyrene, a ^C-NMR spectrum (signal 
of C, carbon of the aromatic ring) is shown in Fig. 1 
(indicated by the symbol (a)), a "C-NMR spectrum 
(signal of methine methylene carbon) is shown in 
Fig. 2 (indicated by the symbol (a)), a 'H-NMR 
spectrum (proton nuclear magnetic resonance 
spectrum) is shown in Fig. 3, (indicated by the 
symbol (a)), an X-ray diffraction pattern is shown in 
Fig. 4 (indicated by the symbol (a)), and an infrared 
absorption spectrum is shown in Fig. 5 (indicated 
by the symbol (a)). 



COMPARATIVE EXAMPLE 1 

Styrene was radical-polymerized at 0°C by the 
use of an organic peroxide to produce atactic poly- 
styrene. This polystyrene was xtracted with meth- 
yl ethyl ketone in the same manner as in Example 



615 8 



1 (2). It was found that the whole of the polystyrene 
was extracted. This polystyrene had a glass transi- 
tion temperature of 100°C and a specific gravity of 
1.05. 

5 In connection with this atactic polystyrene, a 

13 C-NMR spectrum (signal of C, carbon of the ar- 
omatic ring) is shown in Fig. 1 (b), a 13 C-NMR 
spectrum (signal of methine methylene carbon) is 
shown in Fig. 2 (b), and an infrared absorption 

w spectrum is shown in Fig. 5 (b). 



COMPARATIVE EXAMPLE 2 

75 A titanium catalyst component with a titanium 

compound deposited thereon was prepared by 
reacting 10.0 g of magnesium diethoxide and 50 ml 
of titanium tetrachloride. Then 1.0 mmol of th 
titanium catalyst component thus prepared and 10 

20 mmol of triethylaluminum were combined together 
to prepare a catalyst. Using this catalyst, 100 ml of 
styrene was polymerized in heptane as a solvent at 
70°C for 2 hours to yield 48.7 g of isotactic poly- 
styrene having a weight average molecular weight 

25 of 1,000,000. This polystyrene was extracted in the 
same manner as in Example 1 (2). The insoluble 
solids content was 96 wt%. 

In connection with this methyl ethyl ketone- 
insoluble polystyrene, a "C-NMR spectrum (signal 

30 of C, carbon of the aromatic ring) is shown in Fig. 1 
(c), a "C-NMR (signal of methine methylene car- 
bon) is shown in Fig. 2 (c), a 'H-NMR spectrum is 
shown in Fig. 3 (b), a X-ray diffraction pattern is 
shown in Fig. 4 (b), and an infrared absorption 

35 spectrum is shown in Fig. 5 (c). 

Based on the analytical data of the polystyren 
obtained in Example 1 (2) and the analytical data of 
the atactic polystyrene obtained in Comparative 
Example 1, and the analytical data of the isotactic 

40 polystyrene obtained in Comparative Example 2, it 
was confirmed that the polystyrene of Example 1 - 
(2) had a syndiotactic structure. 



45 (1) ,3 C-NMRdata 

(i) Signal of C, carbon of the aromatic ring . 

It is well known that splitting of the aromatic 
$o ring C, carbon signal is ascribable to a polymer 
microstructure. The value found in the literature, 
and the values actually measured for the polysty- 
rene of Example 1 , atactic polystyrene of Compara- 
tiv Example 1 and isotactic polystyrene of Com- 
65 parative Example 2 (Fig. 1 (a), (b), (c)) are tab- 
ulated in Table 1. 
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It can be seen from the results of Table 1 that 
the polystyrene of Example 1 has a syndiotactic 
structure, and the syndiotacticity in terms of the 
racemic pentad as determined from the peak area 
of Rg. 1 (a) is not less than 96%; that Is, the s 
polystyrene of Example 1 had a tacticity of nearly 
100%. 



10 



Table* 1 



Ascrip- 
tion *1 




Type of Polystyrene 




Atactic 
Polystyrene 


Value of the 
Literature * 2 


Polystyrene 
of Example 1 


Isotactic 
Polystyrene 


mnnnm 








146.44 




146-27 


146.23 






rmmr 


146.00 


146.03 - 






imnxrn 


145.85 


145.80 






ramrr 










CTtirra 


145.60 


145.63 






rrmr 










rr 


145.32 


145.32 


145.35 





*1: m represents a structural unit of 
CH - CH 2 — CH — CH 2 

and r represents a structural unit of 

$ 

CH— CH,— CH — CHo — 



*2; Value shovm in H. Sato & Y. Tanaka, J. Polym. Sci 
Polym. Phys. Ed. , 21, 1667-1674 (1983H 
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(ii) Methine methylene carbon signal 

It is also well known that splitting of the 
methine methylene carbon signal is ascribable to a 
polymer microstructure. In the case of polystyrene, 
there are many literatures reporting the ascription 



of the splitting. The value found in the literature, 
and the values actually measured for the polysty- 
rene of Example 1, atactic polystyrene of Compara- 
tive Example 1 and isotactic polystyrene of Com- 
parative Example 2 (Fig. 2 (a), (b), (c)) are tab- 
ulated in Table 2. 



Table 2 



Ascrip- 
tion* 1 



Type of Polystyrene 



Atactic 
Polystyrene 



Value of the 
Literature* 2 



Polystyrene 
of 



mrrom 


46.73 


46.73 


■CiXoinp j.e 


mnurr 


46.65 


46.44 




rrmrr 


46.19 


46.22 




rarrrm 


45.79 


45.61 




rrrrm 


45.20 


45.22 




rrrrr 


44.70 


44.95 


44.74- 


mmr 




44.79 




mrrmr 


44.05 


44.05 




mrrmm 








rrrmr 


43.53 


43.59 




rrrmm 








imnm 








nrirmr 




42.70 




mmrmr 




42.66 




mmrmm 




42.55 





Isotactic 
Polystyrene 



43.34 



*1, *2: Same as in Table 1, 



The figures in the table are expressed in the 
unit of ppm (tetramethylsilane (TMS) standards). It 
can be seen from the results of Table 2 that the 
polystyrene of Example 1 is syndiotactic polysty- 
rene, and its syndiotacticrty is nearly 100% be- 
cause the signal of methylene carbon exhibits a 
single peak. 



45 (2) 'H-NMR data 

It is well known as described in S. Brownstein, 
S. Bywater & D.T. Worsfold, J. Phvs. Chem.. gg, 
2067 (1962) that the 'H-NMR spectrum provides an 

^ information concerning the microstructure like th 
13 C-NMR spectrum. 

The methine proton signal of the polystyrene of 
Example 1 shows that when Fig. 3 (a) and (b) ar 
compared, the methine proton of the polystyrene of 

55 Example 1 app ars a higher magn tic field as 
compared with that of the isotactic polystyren of 
Comparative Example 2; that is, the polystyrene of 
Example 1 is apparently different from the isotactic 
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polystyrene of Comparative Example 2. Further- 
more, the spectrum of the polystyrene of Example 
1 shows considerable fin structure. This fact also 
confirms that the polystyrene of Example 1 is dif- 
ferent from at actic polystyrene because the spec- 
trum of the atactic polystyrene does not show a 
fine structure (see F.A. Bovey & F.P. Hood III, i 
Chem. Phvs.. 22, 1026 (1963). Moreover, there 
were observed only one kind of methine proton and 
of methylene proton in the molecular chain. Based 
the above data, it was judged that the polystyrene 
of Example 1 had a nearly 100% syndiotactic 
structure. 

Based on the results of (1) and (2) above, it 
was confirmed that the polystyrene of Example 1 
was a polymer having a steric configuration com- 
prising not less than 96% in terms of the racemlc 
pentad; that is, a polymer comprising nearly 100% 
of a syndiotactic structure. 




(3) X-ray diffraction pattern 

The polystyren of Example 1 was crystalline. 
The X-ray diffraction pattern (Fig. 4 (a)) of the 

5 crystalline polystyrene is quite different from that of 
the isotactic polystyrene (Fig. 4 (b)) (G. Natta & P. 
Corradini, Nuovo Cimento. 15, Suppl. V, 40 (1960)). 
Thus it can be seen that the polystyrene of Exam- 
ple 1 is different in crystalline structure from isotac- 

10 tic polystyrene. 

From the results of Fig, 4 (a), it was found that 
the identity period of the polystyrene of Example 1 
was 5.04 A. This identity period suggests that the 
polymer chain is in a zig-zag structure and phenyl 

75 rings are disposed alternately. This confirms that 
the polystyrene of Example 1 has a syndiotactic 
structure. 
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35 

(4) Infrared absorption spectrum 



Peaks of the spectra shown in Fig. 5 (a), (b) f 
(c) are shown In Table 3. 
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Table 3 

Wave Number (cm^ 1 ) 



1364 



Polystyrene of 
Example 1 

Isotactic 
Polystyrene 

Atactic 

Polystyrene 

o: Absorption 
x: No absorption 



1312 1297 1185 . 583 



x 



The polystyrene of Examples 1 had a char- 
acteristic absorption peak at 1220 cirr 1 which can- 
not be found in polystyrene having an isotactic or 
atactic structure. 



(5) Melting point 

The melting point of the polystyrene of Exam- 
ple 1 was 260-270 °C, which is much higher than 
that (220-230 °C) of isotactic polystyrene. 



(6) Tacticity of extract after extraction with methyl 
ethyl ketone 

In determining the stereoregularity of polysty- 
rene, the following method is generally employed. 

Polystyrene is extracted with methyl ethyl ke- 
tone as a solvent by the use of a Soxiet extractor. 
If the polystyrene is insoluble, It is determined to 
be isotactic polystyrene, and if soluble, it is deter- 
mined to be atactic polystyrene (T. Nakada, Y. 
Kinosita, T. Ohtu & M. Imoto, Kouovo Kaoaku. §8, 
858-864 (1965)). 

A methyl ethyl ketone-insoluble portion of the 
polystyrene of Example 1 had a syndiotactic struc- 
ture, and a methyl ethyl ketone-soluble portion also 
had a syndiotacticity of not less than 82%, 
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EXAMPLE 2 

Styrene (100 ml) was polymerized at 50°C for 
8 hours in the presence of a catalyst comprising 1 
mmol of titanium tetrachloride and 40 mmol of 
methylaluminoxane. Thereafter, the same proce- 
dure as in Example 1 (2) was repeated to form 0.1 
g of polystyrene. 

For the polystyrene thus obtained, the syn- 
diotacticity was such that the racemic pentad of 
"C-NMR was not less than 36%, the weight aver- 
age molecular weight (Mw) was 544,000, and the 
number average molecular weight (Wn) was 
223,000. 

In the extract ion of the polystyrene with meth- 
yl ethyl ketone, 79 wt% of the polystyrene was 
extracted. For the extraction residue, the syndiotac- 
ticity was such that the racemic pentad of "C-NMR 
was 86%, the weight average molecular weight - 
(Mw) was 678,000 and the number average molec- 
ular weight (Mn) was 272,000. The syndiotacticity 
of the above extract was such that the racemic 
pentad of ,3 C-NMR was 23%. This is similar to a 
tacticity of the usual radical polymerized polysty- 
rene. 



EXAMPLE 3 

The procedure of Example 2 was repeated 
wherein the amount of titanium tetrachloride as a 
catalyst component was changed to 0.05 mmol, the 
amount of styrene used was changed to 180 ml, 
and the polymerization time was changed to 2 
hours. In this way,. 6.7 g of polystyrene was pro- 
duced. 
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In the extraction of the polystyrene thus ob- 
tained with methyl ethyl ketone, 8 wt% of th 
polystyrene was extracted. For the extraction resi- 
due; that is, polystyrene remaining after the extrac- 
tion, the syndiotacticity was not less than 99%, the 5 
weight average molecular weight (Mw) was 348.000 
and the number average molecular weight (Mn) 
was 156,000. 



EXAMPLE 4 

The procedure of Example 1 was repeated 
wherein 1 mmol of isopropoxytitanium trichloride 
was used in place of titanium tetrachloride as a rs 
catalyst component and the polymerization time 
was changed to 2 hours. In this way, 0.4 g of 
polystyrene was produced. For the polystyrene 
thus produced, the syndiotacticity was such that 
the racemic pentad of "C-NMR was 96%, the 20 
weight average molecular weight (Mw) was 92,000 
and the number average molecular weight (Mn) 
was 31,000. 

In the extraction of the above polystyrene with 
methyl ethyl ketone. 58 wt% of the polystyrene 25 
was extracted. For the extraction residue; that is, 
polystyrene remaining after the extraction, the syn- * 
diotacticity was such that the racemic pentad of 
"ONMR was 96%, the weight average molecular 
weight (Mw) was 100.000 "and the number average 30 
molecular weight (Mn) was 30.000. The syndiotac- 
ticity of the extract was such that the racemic 
pentad was 23%. 



EXAMPLES 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.02 mmol of ethoxytitanium trichloride and 10 
mmol of methylaiuminoxane was used and poly- 
merization was performed under the conditions 
shown in Table 4. The polystyrene thus produced 
was extracted with methyl ethyl ketone in the same 
manner as in Example 2. Properties of the polysty- 45 
rene are shown in Table 4. 



EXAMPLE 6 

50 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.2 mmol (calculated as titanium tetrachloride) of 
magnesium diethoxide with titanium tetrachloride 
deposited thereon in an amount of 146 mg/g earn r 55 
and 10 mmol of methylaiuminoxane was used and 
polymerization was performed under the conditions 



shown in Table 4. The polystyrene thus produced 
was extracted with methyl ethyl k tone. Properties 
of the polystyr ne are shown in Table 4. 



EXAMPLE 7 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
02 mmol (calculated as tetraethoxytitanium) of 
magnesium chloride with titanium tetraethoxide de- 
posited thereon in an amount of 80 mg/g carrier 
and 10 mmol of methylaiuminoxane was used and 
polymerization was performed under the conditions 
shown in Table 4. The polystyrene thus produced 
was extracted with methyl ethyl ketone in the same 
manner as in Example 2. Properties of th© polysty- 
rene are shown in Table 4. 



EXAMPLE 8 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.02 mmol (calculated as titanium) of magnesium 
chloride with an excess of titanium tetrachloride 
deposited thereon and 10 mmol of methylaiuminox- 
ane was used and polymerization was performed 
under the conditions shown in Table 4. The poly- 
styrene thus produced was extracted with methyl 
ethyl ketone in the same manner as in Example 2. 
Properties of the polystyrene are shown in Table 4. 



EXAMPLE 9 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.02 mmol (calculated as titanium) of magnesium 
chloride with titanium tetrachloride and ethyl ben- 
zoate deposited thereon and 10 mmol of 
methylaiuminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properties of the polystyrene 
are shown in Table 4. 



EXAMPLE 10 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.02 mmol of titanium trichloride and 20 mmol of 
methylaiuminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
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tract d with methyl ethyl k tone in the same man- 
n r as in Example 2. Properties of the polystyr n 
are shown in Table 4. 



EXAMPLE 1 1 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
1 mmol of titanium tetrachloride, 1 mmol of vanadyl 
tributoxide (yO(O^CM 9 ) 3 ) and 40 mmol of 
methylaluminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properties of the polystyrene 
are shown in Table 4. 



EXAMPLES 12 AND 13 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
1 mmol of isopropoxytitanium chloride, 1 mmol of 
vanadyl tributoxide and 40 mmol of 
methylaluminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properties of the polystyrene 
are shown in Table 4. 



EXAMPLES 14 TO 16 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.05 mmol of titanium tetraethoxide and 5 mmol of 
methylaluminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properties of the polystyrene 
are shown in Table 4. 



EXAMPLE 17 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
0.05 mmol of titanium tetraethoxide and 10 mmol 
of methylaluminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 



10 615 20 

tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properti s of the polystyr n 
are shown in Table 4. 

5 

EXAMPLES 18 TO 20 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 

10 0.05 mmol of titanium tetraethoxide and 25 mmol 
of methylaiuminoxane was used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 

75 ner as in Example 2. Properties of the polystyrene 
are shown in Table 4. 



EXAMPLE 21 

20 

Polystyrene was produced in the same manner 
as in Example 2 except that a catalyst comprising 
1 mmol of titanium tetraisoproxide, 1 mmol of 
vanadyl tributoxide and 40 mmol of 

25 methylaluminoxane was- used and polymerization 
was performed under the conditions shown in Ta- 
ble 4. The polystyrene thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properties of the polystyrene 

30 are shown in Table 4. 



EXAMPLE 22 

35 A styrene-p-methylstyrene copolymer was pro- 
duced in the same manner as in Example 2 except 
that a catalyst comprising 0.02 mmol of cyclopen- 
tadienyitrtanium trichloride and 10' mmol of 
methylaluminoxane was used, and a mixture of 

40 styrene and p-methylstyrene was used as the start- 
ing material and polymerized under the conditions 
shown in Table 4. The copolymer thus produced 
was extracted with methyl ethyl ketone in the same 
manner as in Example 2. Properties of the 

45 copolymer are shown in Table 4. 



EXAMPLE 23 

so Poly(p-methylstyrene) was produced in the 
same manner as in Example 2 except that a cata- 
lyst comprising 0.025 mmol of cyclopentadienyl- 
titanium trichloride and 40 mmol of 
methylaluminoxane was used, and p-methylstyrene 

55 was used as the starting material and polymerized 
under the conditions shown in Table 4. The poly(p- 
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methylstyrene) thus produced was xtracted with 
methyl ethyl ketone in the sam manner as in 
Example 2. Properties of the poly(p-methyl- 
styrene) are shown in Table 4. 

A 15 C-NMR spectrum (aromatic carbon C, car- 
bon signal) of the poly(p-methylstyrene) is shown 
in Fig. 1 (d); a "C-NMR spectrum (methine 
methylene carbon signal) is shown in Fig. 2 (d); a 
'H-NMR spectrum is shown in Fig. 3 (c); an X-ray 
diffraction pattern is shown in Fig. 4 (c); and an 
infrared absorption spectrum is shown in Fig. 5 (d). 



EXAMPLE 24 
# 

Poiy(m-methylstyrene) was produced in the 
same manner as in Example 2 except that a cata- 
lyst comprising 0.05 mmol of cyctopentadienyl- 
titanium trichloride and 30 mmol of 
methylaluminoxane was used, and m-methyl- 
styreoe was used as the starting material and poly- 
merized under the conditions shown in Table 4. 
The poly(m-methylstyrene) thus produced was ex- 
tracted with methyl ethyl ketone in the same man- 
ner as in Example 2. Properties of the poiy(m- 
methylstyrene) are shown in Table 4. 

A^NMR (aromatic ring C, carbon signal) of 
the poly(m-methylstyrene) is shown in Fig. 1 (e). 



EXAMPLE 25 

Poly(p-iert-butylstyrene) was produced in the 
same manner as in Example 2 except that a cata- 
lyst comprising 0.05 mmoi of cyctopentadienyh- 
tttanium trichloride and 30 mmol of 
methylaluminoxane was used, and p-tert-butyl- 
styrene was used as the starting material and poly- 
merized under the conditions shown in TaWe 4. 
The poiy(p-tert-butylstyrene) thus produced was 
extracted with methyl ethyl ketone in the same 
manner as in Example 2. Properties of the poty(p- 
tarMxjtytetyrene) are shown in Table 4. 

A "C-NMR spectrum (aromatic ring C, carbon 
signal) of the poly(p-tert-buty{styrene) is shown in 
Fig. 1(f)- 
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EXAMPLE 26 

Poiy(p-chlorostyrene) was produced in the 
same manner as in Example 2 except that a cata- 
lyst comprising 0.05 mmol of cyclopentadienyt- 
tltanium trichloride and 40 mmol of 
methylaluminoxane was used, p-chlorostyrene was 
used as the starting material and polymerized un- 
der the conditions shown in Table 4. The pofy(p- 
chlorostyrene) thus produced was extracted with 
methyl ethyl ketone in the same manner as in 
Example 2. Properties of the poly(p-chlorostyrene) 
are shown in Table 4. 

A "ONMR spectrum (aromatic ring C, carbon 
signal) of the poly(p-chlorostyrene) is shown in Fig. 
1 (0)- For comparison, a "C-NMR spectrum - 
(aromatic ring C, carbon signal) of atactic poty(p- 
chlorostyrene) Is shown in Fig. 1 (h). 



EXAMPLE 27 

Pofy(rn-chtorostyrene) was produced in the 
same manner as in Example 2 except that a cata- 
lyst comprising 0.05 mmol of titanium tstraethoodde 
and 5 mmol of methylaluminoxane was used, and 
m-chlorostyrene was used as the starting material 
and polymerized under the conditions shown in 
Table 4. The poiy(m-chlorostyrene) thus produced 
was extracted with methyl ethyl ketone in the same 
manner as in Example 2. Properties of the pofy(n> 
chlorostyrene) are shown in Table 4. A "ONMR 
spectrum (aromatic ring C, carbon signal) of the 
poly(nvchlorostyrene) is shown in Fig. 1 (i). 



EXAMPLE 28 

Poly(p-fkjorostyrene) was produced in the 
same manner as in Example 2 except that a cata- 
lyst comprising 0.05 mmol of cydopentadienyt- 
titanium trichloride and 30 mmol of 
methylaluminoxane was used, and p-fluorostyrene 
was used as the starling material and polymerized 
under the conditions shown in Table 4. The pofy(p- 
fluorostyrene) thus produced was extracted with 
methyl ethyl ketone in the same manner as in 
Example 2. Properties of the poly(p-fkJorostyrene) 
are shown In Table 4. A "C-NMR spectrum - 
(aromatic ring C, cariboo signal) of the poiy(p- 
fluorostyrene) is shown In Fig. 1 (j). 
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Claims 

1. A styrene polymer having a repeating unit 5 
represented by the general formula (I): 




(I) 



(wherein R represents a hydrogen atom, a halogen 
atom or a substituent containing a carbon atom, an 
oxygen atom, a nitrogen atom, a sulfur atom, a 
phosphorus atom or a silicon atom, and n repre- 
sents an integer of 1 to 3), a degree of polymeriza- 
tion of not less than 5, and a stereoregularity which 
is mainly syndiotactic. 

2. The sytrene polymer of Claim 1, wherein the 
syndiotacticity in terms of the racemic pentad is 
not less than 50%. 
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3. The styrene polymer of Claim 1, which is a 
polymer selected from the group consisting of 
polystyrene, poly(aikylstyrene), poiy(haiogenated 
styrene), poly(haiogen-substituted alkylstyrene), 
poly(a!koxystyrene), poly(carboxyesterstyrene), 
poly(alkyletherstyrene), poly(alkylsilylstyrene), poly- 
(ethylvinylbenzenesulfonate), and poly- 
(vinylbenzyldimethoxyphosphide). 
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